Purpose: Women who are surgically treated for vulvar cancer often have complications leading to substantial patient morbidity. Post-surgical complications could be minimized by the identification of pre-surgical risks for complications and by planned post-surgical interventions. Therefore, the aim of this study was to develop a clinical care algorithm for vulvar cancer to assess risk for complications and prevent and control post-surgical complications. Methods: Key elements of the algorithm were identified via a literature review, structured chart review, a survey of care team members and interviews with stakeholders including healthcare team, patients and their family. Results: An algorithm for the management of wound and psychosocial complications was developed, based on internal and external evidence and was vetted by expert reviewers. Conclusion: Describing the process and defining the roles of health care professionals contributes to purposeful, systematic prevention and treatment of post-surgical complications. The care algorithm provides structured reference points for healthcare professionals with regard to multidisciplinary post-surgical management of vulvar cancer patients.
Introduction
Vulvar cancer is rare and accounts for 3% -5% of female genital cancers, affecting approximately 27,000 women globally each year [1] . This translates to 1 -7 cases per 100,000 European women per year [2] . An estimated 4490 new cases and 950 deaths from vulvar cancer occurred in the United States in 2012 [3] . Most of these cases are squamous cell carcinomas (85% to 90%), while the remaining includes other histologic types like adenocarcinoma, melanoma and Bartholin's gland cancers also occur. Like other cancers, vulvar cancer is staged on a scale from 0 -4 based on criteria from the Fédération Internationale de Gynécologie et Obstétrique (FIGO) and the American Joint Committee on Cancer (AJCC) [4] .
Vulvar cancer increases with age, the mean age being 72 years [2] . Approximately 30% -40% of patients are preceded by vulvar intraepithelial neoplasia (VIN) [5] . Other risk factors for vulvar cancer include Human Papilloma Virus (HPV) infection, other anogenital intraepithelial neoplasia or carcinoma, syphilis, herpes genitalis, Acquired Immunodeficiency Syndrome (AIDS), smoking, lichen sclerosis, and squamous cell hyperplasia [6] [7] .
Standard therapy for vulvar cancer is surgery [8] . Depending on disease stage and lymph node involvement, this may involve different surgical methods such as wide local excision, partial or radical vulvectomy and inguinofemoral lymph node dissection [8] [9] . Further, (neo-) adjuvant chemotherapy and radiation therapy may also be indicated based on tumor staging and individual patient factors [10] . Surgical reconstruction of the vulva may improve morbidity and quality of life after treatment [11] . Recovery from minor surgical procedures involving slight tissue damage generally occurs within three weeks provided good circulation and primary wound healing [12] . However, even small excisions are susceptible to post-surgical complications. More involved, major vulvar cancer surgery requires longer recovery times and post-surgical complications can often delay wound healing [13] . Adoption of surgical modifications have helped reduce post-operative morbidity in women with vulvar neoplasia [14] and surgical therapy for women with vulvar cancer has improved substantially in the last decades yet multiple complications are still common [15] . These present challenges for nurses and other clinicians providing post-surgical care for these patients.
While guidelines for prevention and treatment of vulvar cancer have been developed to meet some of these challenges there is no evidence-based guideline (or decision-making aid) for prevention and treatment of postsurgical complications [16] [17] . Therefore, nurses in the gynecology ward of the University Hospital of Berne (Switzerland) initiated a project to develop a clinical care algorithm to improve the quality of pre-and post-surgical care for women with surgically-treated vulvar cancer.
Methods
Design: A 5-stage mixed-methods process was utilized to develop the final clinical algorithm (Figure 1) . To identify key elements of the clinical algorithms, data were collected through several sources including: literature review and through a data situation consisting of structured chart review, a survey of implicated care team members, and semi-structured interviews of stakeholders. Following synthesis of the analysis from the different data streams, a draft clinical algorithm was developed. Subsequently the algorithm underwent internal and external expert review to produce a final product. Sample: A purposeful sampling was utilized for this project (Figure 1(b) ). Semi-structured interviews were conducted with two patients, one gynecologist and one wound specialist nurse to explore experiences and issues related to post-surgical care of vulvar cancer. Medical records for the structured chart review of all hospitalized cases of surgically-treated vulvar cancer over the course of one year (2006, January 1 st -2006, December 31 st ) were analyzed. Those cases that had diagnostic excisions at the vulva and were hospitalized and got surgically treated due to other diagnosis were excluded from the analysis. The survey was conducted among experienced nurses from the gynecological wards of the University Hospital in Berne.
Instrumentation: All investigator-developed questionnaires and interview guides were literature based and pre-tested with three or more persons [18] . The semi-structured interview guide, structured medical record data extraction form, and survey are provided in the supplemental materials.
Procedures: The project was part of an internal quality management program at the University Hospital of Berne and received approval from the clinic management. According to national law a submission of internal quality management programs at the responsible ethics committee is not required. Nurses and physicians informed all eligible participants about the project and all participants provided written informed consent prior to the initiation of study-related procedures and data collection. Nurses participating in the questionnaire survey received a project package containing a study description, informed consent form, and a questionnaire to complete. To ensure confidentiality, nurses were asked to return the signed consent form and completed survey questionnaire in a separate pre-addressed stamped envelope. Participants who did not respond were considered as non-responders.
The components of the algorithm were developed on the basis of available evidence from the literature and expertise (including qualitative data collected from expert clinicians and patients). The draft of the evidencebased algorithm was developed in three steps as previously described [19] . First, literature review was conducted by a project team at the University Hospital in Berne (Figure 1(a) ) on factors associated with post-surgical wound complications in vulvar cancer patients. PubMed, CINAHL, ERIC, and Cochrane Library databases we utilized and results analyzed by three nurses with expertise in gynecological cancer care [20] . The literature research was replicated during the preparation of this manuscript to include literature published between August 2013-January 2014. This review was used to identify the initial key components of the clinical algorithm.
Second, an analysis of wound complications was conducted using semi-structured interviews (Figure 1(b) ) to explore the experiences during the post-operative phase of vulvar cancer treatment. In parallel, retrospective medical records data were collected for a one-year period from on all surgically-treated women with vulvar neoplasia and a survey was conducted with experienced nurses from the gynecological wards of the University Hospital in Berne. All data were collected by the first author (BS). Results of the literature analysis (Table 1) , the interviews (Table 2 ) and the patient records (Table 3 ) built the basis for the development of the algorithm, including a pre-operative and a post-operative phase.
Third, the data streams were combined to produce a resulting algorithm draft (Figure 1(c) ). Each step was discussed and reviewed by two experts in clinical practice from the University Hospital in Berne. The pre-final version underwent a critical review by two international clinical experts (Figure 1(d) ) [21] .
Analysis
The results of the literature review was analyzed and synthesized by three investigators (BS, BK, ME). Semistructured interviews assessing post-surgical wound complications were recorded and transcribed, using pseudonyms [22] . The transcripts were analyzed according to the principles of content analysis with paraphrasing, generalization and reduction [23] . Data extraction from the retrospective medical record chart review were analyzed, employing descriptive statistics [24] . The survey data were collated and responses grouped and themed to identify frequent, recurrent and interrelated themes.
Results
The prior conducted literature review (Table 1) built the basis for the steps B-E (Figure 1 ). In total, interviews Table 1 .
Step A of the algorithm development process: Search terms and identified articles by literature review.
Search terms
Literature identified "wound healing", "wound management", "wound treatment", "surgical wounds", "vulvar intraepithelial neoplasia", "vulvar cancer" "surgical wounds", "wound healing", "smoking", "alcohol consumption", "nutrition", "obesity" Table 2 .
Step B of the algorithm development process: Semi-structured interviews with stakeholders and consistent themes. Lengths of hospital stay in days, median (range) 12 (4 -50) were conducted with two patients, one gynecologist and one wound specialist nurse ( Table 2 ). The review of clinical cases presented over the year 2006 16 identified cases of patients with vulvar cancer, of which 12 (75%) were surgically treated and included in the analysis ( Table 3) . Eleven experienced nurses were sent the survey questionnaire, 9 (81%) of whom returned completed surveys ( Table 4) . Consistent themes across the methods were: 1) pre-surgical patient information, 2) multidisciplinary collaboration, 3) wound documentation and 4) education of patients and their families.
Literature review and qualitative data collection identify risk factors for post-surgical complications:
Results from the literature review show that like other surgery patients, women with vulvar neoplasia have patient-related risk factors possibly leading to post-surgical complications. They can be wound-related or caused by psychosocial factors.
Assessing these risk factors is essential for delivering individual information to patients. In connection with post-surgical wound complications smoking is a substantial factor that can lead to delayed wound healing [25] . Sørensen et al. reported that even perioperative cessation significantly reduces surgical side infections [26] . Furthermore, there is evidence, that counselling and nicotine replacement therapy can have an effect on postsurgical complications [27] . Alcohol consumption is another factor associated with an increased post-surgical wound complication rate. Pre-surgical alcohol cessation interventions can significantly decrease wound complications [28] . Additionally, nurses and clinicians must assess patient nutritional status. Obesity as well as malnutrition can negatively affect post-surgical wound healing [29] . In particular, patients with cancer are likely to be taking medications contraindicated for effective wound healing [30] [31] . Thus, medication review is essential and regimens may need to be adapted with regard to elective surgery. In addition to wound-related complications, the assessment of risk factors for psychosocial complications is an essential part of caring for patients with vulvar neoplasia. These risk factors include anxiety, depression as well as problems concerning sexuality and body image [32] .
Table 4.
Step B of the algorithm development process: Survey with nurses about their wound care practice during the last year (n = 11, participant rate n = 9, 81.8%) Complications are defined as medical problems occurring during a disease or after treatment and are diagnosed by clinicians according to clinical parameters [4] . Among post-surgical complications, infection is a major problem. The main diagnostic criteria for wound infection include fever, leukocytosis, positive blood cultures, and serous or purulent wound exudate [33] . Available evidence on post-vulvar-surgery complications primarily focuses on physical and psychosocial effects [32] . Among physical complications, wound dehiscence, wound infections, venous thrombosis, pulmonary embolism, pressure ulcers, introitale stenosis, urine incontinence/dysuria, rectocele, fecal incontinence, inguinal seroma, lymphedema, hernia, pain, scars, adhesions, and eschar development are possible negative sequelae. Lower extremity lymphedema (30% to 70%), wound dehiscence and infection (20% to 40%) are reported most frequently post-surgical treatment in women with vulvar cancer [34] .
In a cross-sectional US study of 53 women with surgically treated vulvar cancer, lower-limb lymphedema was the most common complication and was experienced by 36% of the women [35] . Wound dehiscence and wound infection were reported in up to 85% of patients after radical vulvectomy and lymphadenectomy [36] . In a retrospective observational study of 101 patients following modified, radical vulvectomy and bilateral lymphadenectomy, Gaarenstroom and colleagues reported 9% -17% of women experienced wound dehiscence, 9% -39% suffered infection and 40% developed lymph cysts [13] .
Less radical treatment that disfigures the genitals to a lesser degree, results in less frequent post-surgical wound complications [37] . A retrospective observational study examining complications following vulvectomy in 149 patients, Leminen et al. (2000) found that modified surgical techniques decreased dehiscence rates by 27% and infection by 28%. Psychosocial complications have been addressed in some studies and mainly examine the effect on sexual function [38] [39] . A retrospective study in the US compared pre-operative and post-operative sexual dysfunction along with scoring of body image among vulvar cancer patients. This survey of 41 women revealed significant sexual dysfunction (p < 0.01) and disturbed body image (p < 0.004) three months after surgical treatment [38] .
Notably, relatively few studies focus on psychosocial outcomes such as body image, partner relationships, and quality of life [6] [40] . These women also experience distressing symptoms resulting from sitting, carrying out daily activities and suture/skin rupture [41] .
The literature review indicates a high post-surgical complication rate among women with vulvar cancer. Therefore, nurses and other clinicians need to develop further measures to assess and manage surgery-related problems and to deal with emotional concerns of affected women. This requires taking into account the decreasing post-surgery length of stay which reduces time for information and education concerning symptom assessment and management [42] . Women with vulvar neoplasia are usually discharged before their surgical wound has healed. Follow-up visits are habitually scheduled every three months during the first three years to detect recurrent cancer and to prevent predictable complications [43] . Women and their families require support to assess and to manage symptoms that may cause complications [34] .
From these data streams, key elements of the clinical algorithm emerged (Figure 2, Figure 3) . The algorithm focuses on the pre-operative (Figure 2 ) and post-operative treatment phase (Figure 3) . It describes the involvement of various disciplines, steps to prevent and control post-surgical complications as well as information and counseling for patients and families. In the pre-operative flowchart assessment/treatment of smoking habits, alcohol consumption, nutritional status/body mass index, co-morbidities and current medication potentially contraindicated for wound healing are included.
Psychosocial concerns like anxiety/depression, body image, and sexuality should also be assessed. The patient should be given information at an appropriate literacy level and individualized education concerning pre-surgical and post-surgical procedures. If indicated, information, counseling/support, a wound management plan or referral to specialists should be provided by a nurse.
The post-operative flowchart (Figure 3 ) includes patient information, wound and supportive care needs assessment completed by a nurse according to local practice guidelines. In case of existing wound complication signs, the nurse will develop, apply and adapt the multidisciplinary wound management plan and include a wound specialist, dermatologist, and physician as necessary. Personalized oral/written information, counseling and support should be provided to patients according to individual needs (e.g. mobility, underwear, vulva care, selection of wound treatment, difficulties passing urine and during bowel movements). Additionally, such information and education regarding self-care should be shared with families and caregivers as needed. At the time of discharge, the patient should receive oral/written information and education regarding at-home wound management and other supportive care needs. 
Discussion
In this article we present the process and outcome of a structured process for developing a clinical algorithm for assessing risks for complications and to prevent and control post-surgical complications in women undergoing surgical treatment of vulvar cancer. This newly developed algorithm provides a framework guiding systematic, multidisciplinary management of these women and address the needs of their families. As suggested in the literature, early in the treatment process a systematic assessment of factors influencing wound healing, e.g. smoking habits, alcohol consumption, inadequate nutritional status, adiposity/obesity and medication were incorporated in the flowchart [26] - [30] . Standardized assessment of these factors provides the basis for the ensuing multidisciplinary wound management plan. Further, iterative, standardized assessment delivers an empirical basis to evaluate treatment efficacy [44] . In addition, we defined specific tasks and the timing of these interventions for members of the multidisciplinary team including physicians, nutritionists, social workers, psychologists, and wound specialists. Essential elements of a state-of-the-art nursing interventions were added to complement current clinical practice [19] . These include: consistent written information/counseling for patients and their family, photo documentation, assessing co-morbidities and addressing psychosocial concerns when patients express the need for supportive care [45] [46] . The algorithm was developed with the intent that it would provide structure to the care of these patients and would promote continuity during assessment and management of complications and psychosocial issues.
Limitations
Vulvar cancer is a rare form of cancer that typically develops slowly over the course of several years [4] . This is likely a reason for the limited evidence base on pre-surgical and post-surgical care among these patients. Indeed the literature review revealed a limited number of available studies [13] [49] . Further only a few qualitative studies have examined difficulties with daily activities and problems with passing urine and bowel movements in this patient population [40] [50] [51] . Considering the frequency of post-surgical complications and intense need for quality improvement for this patient group, a pragmatic approach was chosen. We conducted a literature review, interviews with a limited number of patients/clinicians, a survey and analyzed medical records to develop an algorithm on the basis of the best available evidence. This process is limited by the lack of available data thus providing a modest evidence grade of D/level 2 -3 (include e.g. expert opinion, non-analytic studies, case/cohort studies). However, it is our belief that this process is a fundamental first step that may serve as the basis for further development for care of these patients [52] .
Conclusion
Despite the limited available evidence, this algorithm yields a suggested "best practice" to prevent and control post-surgical complications. It has been implemented as standard practice at the University Hospital in Berne involving patient education along with iterative individual feedback/instruction to improve the quality of care in women after hemivulvectomy, vulvectomy and exenterations [53] . In patients following skinning vulvectomy or local wide excision, the algorithm is implemented at the initial signs of post-surgical complication. This algorithm allows the evaluation of defined patient outcomes. The feasibility and utility for evaluation patient outcomes is presently ongoing. Furthermore, the algorithm is part of a nursing-led counseling intervention to reduce the number of post-surgical symptoms in women with vulvar neoplasia within the framework of an ongoing randomized controlled trial "WOMAN-PRO II" (ClinicalTrials. Gov ID: NCT01986725) [32] . Within the study the algorithm is going to be validated. Notably, additional research examining the associations and causal links between the critical factors identified as part of this algorithm development process and wound healing is needed. Communication is a key component of effective multidisciplinary care and future modification of this care pathway should include ambulatory follow-up visits and address ongoing, bi-directional communication with primary care providers. Additionally, programs to improve self-care and symptom management in this patient population are required. These could take the form of patient information booklets written at an appropriate health literacy or other modes for therapeutic education interventions. In summary, the clinical algorithms delineated here provide a framework guiding patient-centered, multidisciplinary care that can be used to guide both clinical management and research into this area.
